Recently, we have developed hemilabile ligands with both soft and hard coordinated centers within one molecule.
As part of our research program in relation to hemilabile ligands, we began to develop new hemilabile Segphos P-PϭO ligands. The synthesis of the hemilabile Segphos P-PϭO ligands 4 was easily performed as shown in Chart 1. 8, 9) Treatment of the Segphos derivatives 1 with BH 3 · THF in THF at 0°C, and subsequent oxidation of 2 with 1% H 2 O 2 in EtOAc at 0°C afforded 3 with small amounts of impurities. Finally, removal of BH 3 in 3 with Et 2 NH at rt provided the desired 4a-c in 47-61% overall yields.
Investigations of the Pd-catalyzed asymmetric allylic substitution of acyclic substrates have spanned a variety of new and known ligands. 10) But, since the corresponding substitutions on cycloalkenyl acetates have been a formidable challenge, 10) we chose the above reaction as a test system. With the hemilabile Segphos P-PϭO ligands 4a-c in hand, the Pd-catalyzed enantioselective allylic alkylation of 2-cyclohexenyl acetate (5) with dibenzyl malonate as a pronucleophile was examined under standard conditions of the combination of BSA and KOAc (Table 1) . As can be seen in entries 1-6, compared with Segphos 1a-c, hemilabile Segphos P-PϭO ligands 4a-c exhibited better reactivity and enantioselectivity. Encouraged by the promising results with hemilabile Segphos P-PϭO ligands 4a, the solvent effect was examined (entries [7] [8] [9] . The use of toluene as a solvent gave the best enantioselectivity (64% ee, entry 9).
Next, the reaction of 2-cyclopentyl acetate (7) with dibenzyl malonate was examined under the above same conditions ( Table 2 ). Among the hemilabile Segphos P-PϭO ligands 4a-c employed, the use of DTBM-Segphos P-PϭO 4c was found to be effective, affording the corresponding product 8 in 86% yield and 65% ee. The enantioselectivity in entry 9, Table 1 and entry 3, Table 2 obtained by hemilabile Segphos P-PϭO ligands, are of the good level reported in the literature. [11] [12] [13] [14] [15] [16] [17] In summary, we have shown that hemilabile Segphos P-PϭO ligands are promising in enantioselective Pd-catalyzed allylic alkylation of cyclic allylic acetates. Further application for the hemilabile Segphos P-PϭO ligands, and development of new hemilabile ligands are now in progress.
Experimental
IR spectra were measured on a SHIMADZU FTIR-8100 diffraction grating IR spectrophotometer. 
Representative Procedure for Synthesis of Hemilabile (S)-Segphos P-P‫؍‬O Ligand 4a
To a stirred solution of (S )-Segphos (1a) (1.00 g, 1.64 mmol) in THF (30 ml) was added BH 3 · THF (1.0 M in THF, 2.50 ml, 2.50 mmol) at 0°C. The reaction mixture was stirred for 0.5 h at the same temperature and quenched with water. The mixture was warmed up to rt and extracted with EtOAc. The organic extracts were washed with brine, dried (Na 2 SO 4 ) and concentrated. The crude product 2a was used for the next step without further separation.
To a stirred solution of the crude product 2a in EtOAc (15 ml) was added 1% H 2 O 2 aq. (15 ml) at 0°C. After stirring for 3 h at rt, to the reaction mixture was added saturated Na 2 S 2 O 3 aq. (15 ml) at 0°C. The whole mixture was stirred for 10 min at rt and extracted with EtOAc. The organic extracts were washed with brine, dried (Na 2 SO 4 ) and concentrated. The crude product 3a was used for the next step without further purification.
The crude product 3a was dissolved in Et 2 NH (5 ml) and the reaction mixture was stirred for 30 min at rt. The mixture was directly concentrated and purified by silica gel column chromatography (hexane : EtOAc, 1 : 1) to afford hemilabile (S)-Segphos P-PϭO 4a ( Table 1 ) To a stirred solution of (cyclohex-2-enyl)acetate (5) (56.1 mg, 0.400 mol) in toluene (1.2 ml) were added (S)-Segphos P-PϭO 4a (12.5 mg, 0.0200 mmol), [(h 3 -C 3 H 5 )PdCl] 2 (3.7 mg, 0.0100 mmol), KOAc (2.0 mg, 0.0200 mmol), dibenzyl malonate (0.30 ml, 1.20 mmol) and N,Obis(trimethylsilyl)acetamide (BSA) (0.30 ml, 1.20 mmol) at rt. The reaction mixture was stirred for 24 h at the same temperature. After usual work-up, purification by silica gel column (hexane/EtOAc, 20 : 1, the silica gel was pretreated with 3% Et 3 N in hexane) gave 2-cyclohex-2-enylmalonic acid dibenzyl ester (6) (130 mg, 89%, 64% ee) as a colorless oil. The ee was determined by HPLC analysis (Daicel chiralpak AD-H) using hexane/2-propanol (9 : 1) as eluent, flow rateϭ1.0 ml/min. 
